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with even minimal mathematical sophistication, will be better 
served by Struik’s Concise History of Mathematics. 
THE ORIGINS OF DIGITAL COMPUTERS: SELECTED PAPERS. Edited by 
Brian Randell. New York (Springer-Verlag), 1973. 464 p. 
REVIEWED BY D. E. KNUTH 
STANFORD UNIVERSITY 
This superb book is by far the best extant collection of 
historical material about the early development of digital 
computing machines, and in fact it is difficult to imagine how 
anyone could ever improve upon it substantially. Professor 
Randell has done a truly masterful job, maintaining a high stan- 
dard of scholarship throughout. 
The title “Selected Papers” may give the impression that this 
is merely a reprinting of familiar works, but in fact very few 
of the papers which appear here are well known or even readily 
accessible in libraries. The reason is that most of them are 
original source documents written by people who were “ahead of 
their time,” so there was often no appropriate publication medium. 
Thirty-two papers are included in all, of which nine had never 
been published, including important memoranda by Babbage, Zuse, 
Stibitz, Atanasoff, Mauchly, and von Neumann. Eight of the 
papers have been translated into English from French or German. 
The quality of these translations is admirable, especially in 
the way they attempt to capture the flavor of the original. For 
example, the renowned Spanish scientist Leonardo Torres y Quevedo 
published in 1914 an important series of Essais sur l'dutomatique; 
since Torres had just coined the word “automatique” and since the 
English word “automation” was unknown at the time,, it has been 
appropriately translated as “automatics.” The quality of photo- 
reproduction of the other papers is also excellent; in spite of 
the multiplicity of type-faces used in the various journals, 
Springer-Verlag has managed to give the book a sense of unity, 
for example by making the exterior margins come out almost the 
same throughout the book. 
Although the selected papers are immensely interesting, the 
editor’s capable summaries at the beginning of each section are 
so beautifully done that they are perhaps the most important part 
of the book. These summaries amount to only 41 pages in all, 
yet they are better by orders of magnitude than anything else 
ever written on the subject. Randell not only discusses the 
technical developments with excellent insight, and gives refer- 
ences to the best source material known, he also carefully traces 
the ways in which each step was influenced (or, uninfluenced) by 
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the ideas that preceded. 
Perhaps only a person such as the reviewer who has been trying 
to collect historical information about computing for many years 
can fully appreciate the magnitude of what Randell has achieved. 
He has unearthed dozens of important references, whose existence 
would hardly have been imagined by most people; in particular, 
he has brought to light the remarkable but forgotten work of 
Percy Ludgate (1909), and he has begun to unmask Britain’s still- 
classified “Colossi” machines, developed during the Second World 
War for cryptanalysis. The latter machines were, apparently, 
special-purpose electronic computers, first operational in 1943. 
On the other hand, the impact of this book will probably be 
greatest on people who have not been studying the history except 
as it is propagated in the popular literature, since this book 
gives a rather strikingly different picture of computer develop- 
ment than is commonly believed. For example, the key achievements 
in the 1930’s by Konrad Zuse in Germany and by John V. Atanasoff 
in America are still only barely known. 
Besides the 41 pages of historical summaries, there are 41 
pages of annotated bibliography. This bibliography contains some 
394 references, together with 394 particularly well done capsule 
summaries of these references, and rarely has any bibliography 
been so well done. The references include nearly everything 
relevant to the subject which the reviewer has ever turned. up in 
his independent researches, including for example a reference to 
John Brainerd’s short review of an unimportant book, where 
Brainerd points out that Babbage’s work was unknown to the ENIAC 
designers. There is also a comprehensive index to the biblio- 
graphy, which actually provides additional information; for 
example, under von Neumann’s name we are directed to a book by 
L. R. Johnson which quotes contemporary references to von Neumann’s 
work although this fact isn’t explicitly stated in the biblio- 
graphy itself. It is a real pleasure to have an index which was 
prepared with insight instead of by automatic means. There is 
also an outstanding index to the book as a whole, compiled by 
Mrs. J. Horning. 
Professor Randell modestly proclaims that he is not an histor- 
ian, he “merely aims to bring together some of the more important 
and interesting written source material ‘I for an analytical account 
of the invention of computers. Yet it is clear that this book 
is a masterpiece of historical research, and one must suspect 
that he disclaims historian status only because he realizes what 
a tremendous job it will be to pursue the subject past the late 
1940’s (where this book, quite understandably, leaves off). His 
many other activities would have to be dropped if he were to do 
justice to the next decade in the history. 
There are only a few things missing which the reviewer would 
have liked to see in this book. First, a Czech engineer named 
Bernard Weiner apparently developed an advanced relay computer 
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capable of doing trigonometric functions, logarithms, etc., 
during the 1920’s [cf. Jiri Klar, “An invention that might have 
accelerated the development of mathematical machines,” Tech Dig 
5 (May 1963)) 39-41; Camp R 4 (Nov 1963)) 48011. Randell does 
not give this reference, but he did uncover a 1924 British patent 
by Weiner for his machine; it would be interesting to pursue this 
matter and to reprint some of the source documents. Secondly, I 
wish that the first draft report on EDVAC (written by von Neumann 
in 1945 on behalf of the Moore School group) had not been excerpted 
quite so severely, since it is the first description of a stored- 
program machine organization. The proposed machine operation 
codes (described in Section 11) and the proposals for implement- 
ing the memory (Section 12) are particularly significant. Von 
Neumann writes in Section 12 of an l’iconoscope memory,” and 
perhaps this connection with the Manchester “Williams-tube” 
memory indicates another U.S.-U.K. link. I hope that it will not 
be long before someone reprin.ts this report in its entirety, to- 
gether with von Neumann’s letter to H. H. Goldstine on May 8, 1945, 
where he proposes several additions and clarifications to the 
report, including the design of an interesting input keyboard for 
programs and data. Finally, I believe Randell could have slightly 
clarified the original motivation for having stored programs; it 
was not originally to allow a computer “to assist with the 
preparation of its own programs, thus opening the way to the 
development of programming aids such as assemblers, compilers, 
operating systems, etc. ,I’ although we now recognize this in retro- 
spect as a great side effect of stored programs. The original 
motivation, as stated clearly by Mauchly in the paper quoted on 
p. 366, was that electronic machines are so fast they have to get 
their instructions from a high-speed storage device, and they 
also need to be able to modify the instructions (since they will 
quickly run through any fixed list of commands). It is clear 
that this was the original motivation and that software was not 
foreseen at first, since it was impossible under the. first machine 
designs to change a data word into an instruction word or vice- 
versa, or to change anything but the address part of an instruc- 
tion [cf. D. E. Knuth, “Van Neumann’s first computer program,” 
Comp Sur 2 (1970), 247-2601. 
In summary, this monumental book should be on every computer 
scientist’s bookshelf, and should set a standard of excellence 
for future historians of computer science and technology. The 
reviewer can think of only two other books on computer history 
which make worthy companions of this one: The Computer from 
Pascal to von Neumann, by H. H. Goldstine, Princeton University 
Press, 1972 (a book which is filled with valuable inside informa- 
tion about the developments at the Moore School and the Institute 
for Advanced Study during the 1940’s, and which also contains a 
unique summary of early computer activity around the world, but 
which is partly controversial because it downplays Mauchly’s role 
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and emphasizes von Neumann’s.by comparison with the recollections 
of some other observers); and A Computer Perspective, edited by 
the office of Charles and Ray Eames, Harvard University Press, 
1973 (see review in HM 1, 99-100). 
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edition translated by H. Bernhardt and W. Purkert and edited 
by H. Wussing. Leipzig (Akademische Verlagsgesellschaft 
Geest & Portig K.-G.), 1971. 306 p. 
REVIEWED BY I. KAPLANSKY 
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It was at the Second International Mathematical Congress in 
Paris in 1900 that David Hilbert boldly gave an address entitled 
“Mathematische Probleme.” After a lengthy introduction which 
emphasized the importance for mathematics of explicit problems, 
Hilbert listed 23 problems which he regarded as significant. 
Non-mathematicians are sometimes surprised that the four- 
color problem and Fermat’s last theorem are not on the list. 
The Fermat problem was a deliberate omission, since Hilbert men- 
tioned it in his introduction; the four-color problem had 
presumably not achieved anything like its present notoriety. 
However, Hilbert did not ignore famous problems; the eighth 
problem includes the Riemann hypothesis and, for good measure, 
Goldbach’s conjecture and the infinitude of twin primes. So, 
although there are difficulties in deciding how many of the 
Hilbert problems have been solved, it can be firmly asserted 
that at least one remains unsolved. 
Opinions may differ on the extent to which Hilbert’s problems 
influenced the subsequent development of the twentieth-century 
mathematics. But two things are clear: no mathematician before 
or since has attempted anything comparable, and each solution 
of a Hilbert problem has been a notable event. 
The status of Hilbert’s problems was assessed by L. Bieberbach 
in 1930 (Die Naturwissenschaften 18, 1101-1111) and by S. S. 
Demidov in 1966 (Istoriko-mat. issledovaniya 17, 91-192). More 
recently there have been capsule summaries by J. Fang (Philoso- 
phia matematica 6, 38-52) and by Sin Hitotumatu (in the commen- 
tary on his translation of Hilbert’s “Problems in mathematics,” 
Tokyo, 1969). But this book, published in Russian in 1969, is 
the first large-scale treatment. The mathematical public will 
be grateful for the availability of a German translation. In it 
there are occasional added editorial notes, and a three-page 
appendix to Chapter 10 reports on Matijasevic’s brilliant 
solution of the tenth problem (the non-existence of an algorithm 
